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SUMMARY 
1. DIRECT SUNLIGHT is the best preventive of leg weak-
ness when it can be eibtained without the chicles being chilled. 
2. Chicles exposed to sunlight passing thru GLASS FABRIC 
and FLEX-0-GLASS (fabric base), did not develop leg weak-
ness. . 
3. Chicks exposed to sunlight passing thru GLASS CLOTH 
(fabric 'base) developed leg weakness. 
4. Chicks exposed to sunlight passing thru CEL-0-GLASS 
and SCREEN GLASS (wire base) did not develop leg weak-
ness. 
5. The GLASS CLOTH used did not admit as much ultra 
violet 1ight as the WINDOW GLASS. (See table VI). 
6. Four chicles in the first test and no chicks in the second 
test deve'loped leg weakness in the WINDOW GLASS lots. 
7. A small amount of ultra violet light prevented leg weak-
ness when a well balanced ilnineral ration was fed. 
8. An average deily exposure to sunlight of 55 minutes during 
the winter months was sufficient in the first test to prevent leg 
weakness in a11 of the glass substitute lots except in the GLASS 
CLOTH lot. 
9. Early symptoms of leg weakness did not develop in the 
second test, even tho the chicks were not exposed for the first 
10 days. 
10. The leg wealmess in the GLASS CLOTH lot was correc-
ted by an addition of 2 percent of cod liver oil to the ration. 
(Oil fed 10th-12th weeks) . _ 
11. The value of substitutes for glass in prev.enting leg 
wealmess in chicles depends upon the admittance of the beneficial 
rays of the sun. 
12. The admittance of 12 percent of the beneficial rays of the 
sun, as measured by the lithophone test (table VI), was sufficient 
to prevent leg wealrne~s when a well balanced ration was fed. 
RECOMMENDATIONS FOR PROPER USE OF GLASS SUBSTITUTES 
1. Glass substitutes, whenever used, should always be placed 
in a vertical position. 
2. For best results glass substitutes should not be used for 
openings in roofs or any slanting surface. 
3. Glass substitutes used on frames should be securely tacked 
and firmly braced to prevent whipping. 
4. Make all frames removable so they may be stored away 
from the hot sun and dust during the summer. 
5. Gla:ss substitutes admit little if any air, therefore, the 
house must be ventilated properly to obtain the best results. 
6. Glass substitutes should be kept free from dirt and dust. 
7. When window glass or glass substitutes are used, DIRECT 
SUNLIGHT should be admitted whenever possible. 
2
Bulletin, Vol. 21 [1927], No. 246, Art. 1
http://lib.dr.iastate.edu/bulletin/vol21/iss246/1
Value of Some of the Glass Suhetitutes 
in Growing Chicks 
BY R. L . 00CIIRAN AND H. A. BITTENBENDER* 
During the last few years considerable interest has oeen shown 
in the production of broiler chicks to the age of 10 to 12 weeks. 
During the late winter a,nd early spring months, difficulties, 
such as leg weakness have been frequently encountered and 
remedies, such as cod liver oil, egg yolks, quartz jffiercury vapor 
lamp, glass substitutes or direct sunlight have been advocated 
to provide the antirachitic vitamin, which is necessary to insure 
success and obtain maximum growth. 
Vafri.11ility . in potency, supply and cost of cod liver oil and 
egg yolks have been limiting factors in their use by the practical 
poultrymen in rearing chicks during late winter and early 
spring. 
The use of the quartz mercury vapor lamp and the carbon arc 
laµnp in supplying the ultra violet rays, has not yet proved 
practical for the average poultry raiser. 
It has been shown by many investigators . that direct sunlight, 
unintercepted, carries ultra violet rays. It has also been shown 
that direct sunlight is the most economical preventive of leg 
·weakness in growing· chicks from 2 to 12 weeks of age. 
Ultra violet rays, the beneficial · rays of the sun, are found 
in largest amounts during the summer months and in the small-
• Acknowledgment. The writers wish to acknowledge the assistance render-
ed by Dean J. Carter. graduate student in poultry husbandry. Records and 
data were kept by Mr. Carter. 
Fig. 1. (At lefi.) Chicks that did not receive direct sunlight. (At right) 
Ohicks that received direct sunlight. 
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est amounts during the winter and early spring months. In or-
der to secure the best results in early brooding, the chicks should 
· have access to the ultra violet 
rays of the sun whenever pos-
sible during the brooding 
season. Figure 1 shows the 
effer.ts 0£ direct sunlight in 
comparison to no sunlight on 
the growth of chicks. 
Experimental data tell us 
that practically all ordinary 
window glass, such as is used 
in our poultry houses, ex-
cludes the ultra violet rays of 
the sun; consequently, we re-
ceive practically none of the 
beneficial rays when the sun-
Fig. 2. Paradise brooders used to light enters thru window 
brood chicks. glass. This fact has brought 
about the development of 
substitutes for window glass. 
In the search for materials to be used as a substitute for or-
dinary window glass, several kinds 
of glasses have been produced, but, 
as yet, these glasses are not prac-
tical for use in the poultry indus-
try, due to their high cost. There 
have also been manufactured a 
number of glass substitutes, for 
use in the poultry house instead of 
ordinary window glass or muslin 
curtains. 
OBJECT OF EXPERIMENT 
The purpose of this experiment 
was to obtain data relative to the 
value of the sun's rays for growing 
chicks after passing thru different 
kinds of glass substitutes. No tests 
for such qualities as strength, plia-
bility and durability were made. 
In these experiments the glass sub-
stitutes used will be referred to by 
their trade names. 
Two tests weEe conducted staxt-
ing November 26, 1926r and Febru-
ary 19, 1927. 
Fig. 3. Boxes used to ex-
pose the chicks to sunlight. (top) window glass; (cen-
ter1 glass substitute; (bot-
tom) direct sunlight. 
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METHOD OF PROCEDURE 
'fhe chicks were hatched from eggs obtained from the station 
fl.oek, all eggs were incubated in the same incubator and the 
chiclcs brooded in two three-com-
partment Paradise brooders (See 
Fig. 2). The lots were rotated 
in the brooders each week so as 
to overcome any differences which 
might occur in the brooders. The 
all-mash system of feeding was 
followed to insure that all of the 
chicks obtained the same balance 
of feed. All direct sunlight was 
excluded from the room by means 
of curtains. 
FEED 
Fig. 4. Showing how boxes 
containing chicks were ex-
posed to sunlight. 
For the first five days the chicks were hand-fed mash in trays. 
After the fifth day mash was fed in a self-feeder which was kept 
before the chicks at all times. 
The ,mash which was giv~m contained the following ingred-
ients: yellow corn meal, 35 pounds; ground wheat, 17.5 pounds; 
ground rolled oats, 17 .5 pounds; bran, 10 pounds; flour midd-
lings, 10 pounds; meat and bone meal, 5 pounds; and dried but-
termilk, 5 pounds. 
The minerals-granular limestone, 2 pounds; humus charcoal, 
1.5 pounds; and salt, 0.5 pound-were added to the ration and 
the ingredients were all ground together. The mash was finely 
ground and uniformly mixed. Water, alfalfa leaves and chick 
size limestone were fed ad-libitum (free choice). 
EXPOSURE 
Each day that the sun shone, thruout the experiments, the 
chicks were placed in boxes, 30 inches square, covered top and 
front with the material being tested and placed upon a scaffold 
on the south side of the building. The position of boxes was 
rotated on the scaffold. (See Figs. 3 and 4.) 
The chicks were carefully watched and brought in when they 
began to show signs of becoming co1d. The time of exposure for 
the first test was from 11 a. m. to 2 p. m., and for the second 
test fr0im 10 a. m. ·to 4 p.m. The length of time exposed varied 
with the weather and on cloudy days the chicks were not exposed. 
Daily exposures, and total exposures for each week for the first 
and second test!'!. are shown in tables I and II. 
PHYSICAL CHARACTERISTICS OF MATERIALS USED 
The glass substitutes studied were of two types ; one type with 
a screen wire base, the openings of which are filled with a cellu-
5
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lose compound; the other type consists of a muslin or fabric base 
covered with a paraffin-like su'bstance. 
Gel-0-Glass and Screen Glass are made with a wire base. Flex-
0-Glass, Glass Fabric and Glass Cloth are made with a fabric 
base. 
"!'he glass substitutes used in the first test wrere Cel-0-Glass, 
Glass Fabric, Flex-0-Glass and Glass Cloth. In the second test, 
Oel-0-Glass, Scr.een Glass, Flex-0-Glass and Glass Cloth were 
used. Ordinary window glass and direct sun were used as a 
check in both tests. 
The materials u8ed in these experiments were tested as to their 
transmissibility of the ultra violet light and the results of these 
tests are shown in taible VI, furnished by the Physics Depart-
ment, Iowa State College.~ 
In ma.king these tests the quartz mercury vapor arc and direct 
sunlight wer.e employed. Results are based upon the photo-
chemical effect upon lithopone irradiated thru Corex Glass, the 
Corex glass being considered as 100 percent efficient. 
TABLE VI. PERCENT OF ULTRA VIOLET RAYS TRANSMITTED BY 
GLASS SUBSTITUTES TESTED. 
M:aterial 
Corex 
Glass F abric 
Flex-0-Glass 
Cel-0-Glass 
Screen Glass 
Glass Cloth 
Window Glass 
Sunlight 
(percent efficient) 
100 
30.7 
26.6 
19.0 
12.0 
4.0 
16.5 
DATA RECORDED 
Qua!'tz-Mercury Vapor 
Arc (percent effioientJ 
100 
26.1 
25.0 
16.2 
7.1 
0.0 
0.0 
The chicks were weighed weekly and records kept of the aver-
age weight per chick, mortality, feed consumption and number 
showing apparent symptoms of leg weakness. All weights are 
~hown in grams. The ·data, summarized weakly and at the end 
of each test, are shown in tables III, IV and V. 
Figures 5 to 14, inclusive, show the :rn.te of growth in graphic 
form. It will be noted in the :first test that chicks in the direct 
sun lot did not gain as rapidly as those in some of the other 
lots. This was due to the chilling of the chicks the first week. 
Thruout the test it was very difficult to expose the chicks due 
to the cold weather in December and January. 
OBSERVATIONS 
Records were kept during the tests of when the :first apparent 
symptoms of leg weakness appeared. In the first test, the chicks 
were allow.ed to remain in the experiment until unable to obtain 
feed, they were then removed and exposed 10 minutes daily to 
•Tests made by L. V. Crum, Physics Department, October, 1927. 
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COMPARISONS OF WEEKLY RATES OF GROW.TH OF CHICKS EX-
POSED TO DIRECT SUNLIGHT AND SUNLIGHT THRU GLASS 
SUBSTITUTES. (SunligM, solid line; subshtutes, dotted line.) 
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Fig. 5. (First t est) Sunlight direct 
and thru Cel-0-Glass. 
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Fig. 7. (First test) Sunlight direct 
and thru Glass Fabric. 
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Fig. 6. (Second test) Sunlight di-
r ect and thru Cel-0 - Glass. 
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Fig 8. (Second testJ Sunlight di-
rect and thru Screen Glass. 
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Fig. 9. (First test) Sunlight direct Fig. 10. (Second test) Sunlight di-
and thru Flex-0-Glass. rect a nd thru Flex-0-Glass. 
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COMPARISONS OF WEEKLY RATES OF' GROW.TH OF CHICKS EX-
POSED TO DIRBCT SUNLIGHT AND SUNLIGHT THRU GLASS 
SUBSTITUT.t!:S. (Sunlight, solid line; substitutes, dotted line.) 
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Fig. 11. (First test) Sunlight direct 
and thru window glass. 
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Fig. 12. (Second test) Sunlight di-
rect and thru window glass. 
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Fig. 13. (First test) Sunlight direct Fig. 14. (Second test) Sunlight di-
and thru Glass Cloth. rect and thru Glass Cloth. 
the rays from a quartz mercury vapor lamp. All responded 
favorably to this treatment and showed marked improvement, 
indicating conc1usively that the trouble was due to the lack of 
vitamin D which counteracts leg weakness. 
In the second test, similar records were kept, but no exposures 
were made to the rays of the quartz mercury vapor lamp. Instead 
the chicks were permitted to remain in the experiment. The Glass 
Cloth lot chicks were the only ones showing apparent symptoms 
of leg weakness and by the end of the ninth week practically 
all of the chicks showed distinct symptoms of leg weakness. Two 
percent of cod liver oil, by weight, was added to the mash at 
the end of the tenth week and by the end of the twelfth week 
all chicks were on their feet and growing rapidly. (See table V) 
Admittance of 12 percent or more of ultra violet rays of the 
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sun thru glass substitutes as shown by the Physics Department 
tests recorded in table VI, was sufficient to prevent leg weak-
ness, when a good mineral ha.Janee was fed. 
Twelve chicks in the first test and 20 in the second test of 
the Glass Cloth lot exhibited distinct symptoms of leg weakness, 
showing that the admittance of 4 percent of the ultra violet 
rays of the sun · was not sufficient to prevent leg weakness, even 
tho a good mineral ba'lance was fed. 
TABLE I. MINUTES EXPOSED DAILY. 
(Zero represents no exposure.) 
First Test. Started 11/27 /26. Finished 2/4/27. 
W.lndow 
Date Glass 
(Nov.J 
27 0 
28 0 
29 46 
30 38 
(Dec.) 
1 41 
2 · o 
3 0 
Total ex- , 
posure 
1st week 125 
4 0 
5 80 
6 0 
7 0 
8 0 
9 0 
10 0 
Total ex-1 posure 
2nd week 80 
11 0 
12 0 
13 0 
14 80 
15 68 
16 0 
17 0 
Total ex-1 posure 
3rd week 148 
18 0 
19 0 
20 155 
21 0 
22 0 
23 () 
24 88 
Total ex-1 posure 
4th w eek 243 
25 113 
26 187 
27 0 
28 163 
29 80 
30 182 
31 0 
Total ex- 1 posure 
6th week 725 
I 
Cel-0-
Glass 
0 
0 
33 
43 
23 
0 
0 
99 
0 
66 
0 
0 
0 
0 
0 
66 
0 
0 
0 
68 
59 
0 
0 
127 
0 
0 
145 
0 
0 
0 
79 
224 
114 
180 
0 
152 
132 
204 
0 
760 
Direct 
Sun 
0 
0 
13 
51 
25 
0 
0 
89 
0 
64 
0 
0 
0 
0 
0 
64 
0 
0 
0 
56 
48 
0 
0 
104 
0 
0 
139 
0 
0 
0 
48 
187 
97 
166 
0 
147 
131 
207 
0 
748 
I 
I 
I 
I 
I 
Glass 
Cloth 
0 
0 
28 
57 
34 
0 
0 
119 
0 
80 
0 
0 
0 
0 
0 
80 
0 
0 
0 
57 
69 
0 
0 
126 
0 
0 
144 
0 
0 
0 
60 
204 
112 
164 
0 
157 
101 
191 
0 
725 
I 
I 
I Glass Fabric 
0 
0 
26 
51 
41 
0 
0 
121 
0 
75 
0 
0 
0 
0 
0 
75 
0 
0 
0 
62 
71 
0 
0 
133 
0 
0 
153 
0 
0 
0 
70 
223 
104 
166 
0 
140 
102 
191 
0 
703 
Flex-0-
Glass 
0 
0 
44 
34 
39 
0 
0 
117 
0 
74 
0 
0 
0 
0 
0 
74 
0 
0 
0 
51 
61 
0 
0 
112 
0 
0 
135 
0 
0 
0 
64 
199 
123 
185 
0 
150 
129 
205 
0 
792 
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Date 
( J a n. 
1927J 
1 
2 
3 
4 
5 
6 
7 
Total ex- I posu re 
6th week 
(Jan.1 
8 
9 
10 
11 
12 
13 
14 
Tota l ex- 1 posure 
7th week 
15 
16 
17 
18 
19 
20 
21 
Tota l ex - 1 posure 
8th week 
22 
23 
24 
25 
26 
27 
28 
Tota l ex- 1 posure 
9th week 
29 ,l 
30 
31 (Feb.) 
l 
2 
3 
4 
Tota l ex-1 posure 
10th w eek 
Total ex-1 posure 
10 weeks 
~Tjndow I Glass 
0 
168 
0 
197 
163 
0 
0 
I 
528 I 
105 
0 
130 
100 
0 
0 
32 
367 I 
0 I 157 
0 
0 
160 
110 
0 
427 I 
0 
160 
219 
155 
0 
0 
177 
711 
·1 
105 
0 
143 
205 
56 
0 
0 
509 I 
384S I 
178 
Cel-0- I Direct Glass Sun 
0 0 
174 145 
0 0 
200 219 
183 148 
0 0 
0 0 
557 I 512 
213 125 
0 0 
139 113 
105 92 
0 0 
0 0 
40 110 
497 I 440 
0 0 
166 137 
0 0 
0 0 
155 255 
88 255 
0 0 
409 I 647 
0 0 
140 120 
219 215 
150 150 
0 0 
0 0 
180 177 
689 I 662 
92 90 
0 0 
135 124 
194' 185 
0 16 
0 0 
0 0 
421 I 415 
3849 I 3868 
I Glass I Glass I Flex-0-Cloth Fabric Glass 
0 0 0 
199 203 202 
0 0 0 
I 
229 218 201 
173 175 184 
0 0 0 
0 0 0 
I 601 I 596 I 587 
120 130 140 
0 0 0 
145 138 141 
~10 117 123 
0 0 0 
0 0 0 
40 30 41 
I 415 I 415 I 445 
0 0 0 
170 169 168 
0 0 0 
0 0 0 
158 146 127 •' 
111 105 105 
0 0 0 
I 
I I I ·' ~39 420 400 
I 0 I 0 0 ,, 147 148 143 " 
210 211 203 ' 
135 140 130 
0 0 0 
0 0 0 
181 180 183 
I 673 I 679 I 659 
97 100 95 
0 0 0 
l42 130 137 
204 201 199 
8 62 49 
I 0 0 0 0 0 0 
I I I I 451 I 493 I 480 
I 
I I I I I _,3831 3858 3865 
Ii 
r: 
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TABLE II. MINUTES EXPOSED D .1-ULY. 
(Zero represents no exposure.) 
Second T est. Started 2/ 19/27. Finished 5/14/27. 
WJndow 
Date Glass 
(Feb.J 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 
25 0 
Total ex-1 
posure 
lst week 0 
26 0 
27 0 
28 0 
(March) 
1 0 
2 141 
3 133 
4 !41 
Tota l ex-1 
pos ure 
2nd week 415 
5 0 
6 161 
7 125 
8 194 
9 90 
10 0 
11 0 
Tota l ex-! 
posure · 
3rd week 570 
12 76 
13 0 
14 300 
15 264 
16 0 
17 218 
18 I 0 
Total ex- 1 
posure 
4th week 858 
19 0 
20 0 
21 26·7 
22 0 
23 0 
24 0 
25 0 
Tota l ex-1 
posure 
5th week 267 
26 0 
27 312 
28 332 
29 0 
30 212 
31 0 (April) 
1 0 
Tota l ex-1 posure 
6th week 856 
I 
I 
I 
I 
I 
Cel- 0-
Gla.ss 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
130 
137 
147 
414 
0 
154 
129 
203 
80 
0 
0 
566 
65 
0 
295 
258 
0 
215 
0 
833 
0 
0 
264 
0 
0 
0 
0 
264 
0 
314 
307 
0 
229 
0 
0 
850 
I 
I 
Direct 
Sun 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
120 
103 
133 
356 
0 
150 
116 
190 
75 
0 
0 
531 
71 
0 
287 
241 
0 
195 
0 
794 
0 
!) 
273 
0 
0 
0 
0 
273 
0 
276 
325 
0 
209 
0 
0 
810 
I 
I 
I 
I 
I 
J 
Glass 
Cloth 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
147 
139 
153 
439 
0 
166 
132 
202 
98 
0 
0 
598 
156 
0 
289 
244 
0 
223 
0 
912 
0 
0 
275 
0 
0 
0 
0 
275 
0 
294 
326 
0 
233 
0 
0 
853 
I 
I 
Screen 
Glass 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
136 
140 
152 
428 
0 
175 
134 
206 
105 
0 
0 
620 
97 
0 
285 
237 
0 
238 
0 
857 
0 
0 
267 
0 
0 
0 
0 
267 
0 
288 
300 
0 
243 
0 
0 
831 
I 
! 
I 
I 
I 
I 
I 
Flex-0-
Glass 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
141 
137 
156 
434 
0 
160 
125 
198 
93 
0 
0 
576 
88 
0 
281 
233 
0 
238 
0 
840 
0 
0 
271 
0 
0 
0 
0 
271 
0 
300 
320 
0 
227 
0 
0 
847 
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W.indow 
Date Glass 
(Aprill 
2 0 
3 0 
4 0 
5 338 
6 407 
7 0 
8 0 
Total ex-1 posure 
7th week 745 
9 (I 
10 0 
11 0 
12 0 
13 0 
14 251 
15 0 
Tota l ex-1 posure 
8th week 251 
16 80 
17 0 
18 155 
19 0 
20 0 
21 192 
22 245 
Tota l ex-1 posure 
9th week 6'i2 
23 192 
24 315 
25 0 
26 367 
27 163 
28 0 
29 0 
Tota l ex-1 posure 
10th week 1037 
Total ex-, posure 
10 weeks 5671 
30 198 (Ma y) 
1 219 
2 0 
3 40 
4 182 
5 120 
6 0 
Tota l ex-1 posure 
11th week 759 
7 0 
8 0 
9 0 
11 0 
10 u 
12 55 
13 0 
Total ex-1 posure 
12th week 55 
Total ex-1 posure 
12· weeks 6485 
-
Cel-0 
Glas s 
0 
0 
0 
352 
465 
0 
0 
817 
0 
0 
0 
0 
0 
244 
0 
244 
95 
0 
151 
0 
0 
203 
250 
699 
208 
307 
0 
375 
168 
0 
0 
1058 
5745 
190 
215 . 
0 
0 
175 
105 
0 
692 
0 
0 
0 
0 
0 
0 
0 
0 
6434 
I 
I 
I 
I 
I 
I 
I 
I 
I 
180 
Direct 
Sun 
0 
0 
0 
349 
487 
0 
0 
836 
0 
0 
0 
0 
0 
260 
0 
260 
150 
0 
153 
0 
0 
182 
239 
724 
206 
300 
0 
379 
177 
0 
0 
1062 
5646 
182 
225 
0 
46 
181 
160 
0 
794 
0 
0 
0 
0 
0 
20 
0 
20 
6460 
I Glass I Screen I F lex-0-Cloth Glass Glass 
I 
0 0 0 
0 0 0 
0 0 0 
359 362 :ms 
385 416 393 
0 0 0 
0 0 0 
I 
I 744 I 778 I 769 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
218 237 227 
I 0 0 0 
I 218 I 237 I 227 
140 120 130 
0 0 0 
170 165 160 
0 0 0 
0 0 0 
I 201 205 196 257 260 261 
I 768 I 750 I 737 
197 190 205 
292 287 2&1 
0 0 0 
388 360 396 
163 170 178 
0 0 0 
r 0 0 0 
I 
I 1040 I 1007 I 1060 
I I J 5847 5775 I 5751 
I 
168 165 156 
190 205 200 
I 0 0 0 
) 
37 0 0 
158 169 165 
117 95 107 
0 0 0 
I 670 I 634 I 628 I 
I 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
I 0 21 51 0 0 0 
l 0 I 21 I 51 
I 6517 I 6430 I 6430 
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TABLE III. WEEKLY SUMMARY. 
First Test. Started 11/26/26. Finished 2/4/27. 
Average weight ·per chick in I Chick s grams• show -
Time Mor- ing evi-
Weight Weight Weekly T otal exposed tality dence 
at end of gain gain t o sun of leg 
start week from weak-
star t ness 
First Week. 
Cel-0 -Glass 31.2 55.4 24 .2 I 24.2 99 0 0 Glass Cloth 31.2 54 .0 22.8 22.7 119 2 0 
Flex-0- Glass 31.2 53.5 22.3 
I 
22.3 117 0 0 
Glass Fabric 31.2 53.6 22.4 22.4 121 1 0 
Window Glass 31.2 55.0 23.8 23.8 125 0 0 
Direct Sun 31.2 56.5 25 .3 25 .3 89 1 0 
Second Week. 
Cel-0-Glass 55 .4 87.1 31.7 55.9 66 0 0 
Glass Cloth 54.0 84.6 30.6 53.3 80 0 0 
Flex-0-Glass 53 .5 87.7 34.0 56.5 74 1 0 
Glass Fabr ic 53.6 86.0 3~.4 54 .8 75 1 0 
Window Glass 55 .0 83 . 6 28.6 ' 52.4 80 0 0 
Direct Sun 56.5 80.8 24.3 49.6 64 0 0 
T hird Week. 
Cel-0-Glass 87.1 128.9 41.8 97.i 127 0 0 
Glass Cloth 84 .6 115 . 9 . 31.3 84.7 126 0 0 
Flex-0 - Glass 87 .7 129.4 41. 7 98.1 112 0 0 
Glass Fabric 86.0 126 .0 40 .0 94.8 133 0 0 
Window Glass 83.6 121.3 37.7 90.0 HS 0 0 
Direct Sun 80.8 116. 7 35.9 85.5 104 0 0 
Fourth Week. 
Cel-0-Glass 128.9 175 .3 46 .4 j 144.0 224 0 0 
Glass Cloth 115 . 9 155.5 39.6 124.3 204 0 0 
Flex-0-Glass 129 .4 182.5 53.1 i 151.2 199 0 0 Glass Fabric 126.1 170.6 44 .5 139.4 223 0 0 
Window Glass 121.3 159.9 38 .6 1128.7 243 0 0 
Direct Sun 116.7 153.3 36.6 122.0 187 0 0 
Fifth Week. 
Cel-0-Glass 175.3 214.6 39.3 183.4 760 0 0 
Glass Cloth 155.5 198.6 43 .1 167.4 725 0 0 
Flex-0-Glass 182.5 226 .9 44.4 195. 6 792 0 0 
Glass Fabric 170.6 215.2 44 .5 184.9 703 0 0 
Window Glass 159.9 201.1 41. 2 169.8 725 0 0 
Direct Sun 153.2 194.2 41.0 163.0 748 0 0 
Sixth Week. 
Cel-0-Glass 2H.6 268.7 54. 1 237.4 557 0 0 
Glass Cloth 198 . 6 244.2 45.6 213.0 601 0 2 
Flex-0-Glass 226.9 274.7 47.8 243.5 587 0 0 
Glass Fabric 215.2 263 .5 48.3 232.2 596 0 0 
Wjndow Glass 201.1 246.4 45.3 215.1 528 0 1 
Direct Sun 194.2 256.6 62.4 225.3 512 0 0 
Seventh Week 
Cel-0-Glass 268 .7 348 .5 79 .8 i 317.2 497 0 0 
Glass Cloth 244.2 302.1 57 .9 
J "'· " 
415 1 4 
Flex-0-Glass 274.7 367.8 93.1 336.6 445 0 0 
Glass Fabric 263.5 352.6 89.1 321.3 415 0 0 
Window Glass 246.4 315 .4 69.0 284 .1 367 0 0 
Direct Sun 256.6 334.5 77.9 303.2 441 0 0 
Eighth Week 
Cel-0-Glass 348 .5 466.9 118.4 435.7 409 0 0 
Glass Cloth 302 .1 373.4 71.3 342.2 439 0 8 
Flex-0-Glass 267 .8 486.0 118 .2 454.7 400 0 0 
Glass Fabric 352.6 467.7 115.1 436 .5 420 0 0 
Window Glass 315.4 383.3 67.9 352.1 427 0 2 
Direct Sun 334.5 435.2 100.7 404 .0 647 0 0 
•453. 6 grams equal 1 pound. 
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Average weight per chick in I I I Chicks grams show-
I Time Mor- ing evi-
Weight Weight Weekly Total rxposed tality dence 
at end of gain gain to sun of leg 
start week from weak-
' 
start ness 
Nmth Week 
Cel-0-Glass I 466.9 548.1 81.2 516.9 689 0 0 
Glass Cloth 373.4 416.2 42.8 385.0 673 2 10 
Flex-0-Glass 1486 .0 583.5 97.5 552.2 659 0 1 Glass Fabric 467 .7 562.5 94.8 531.2 679 0 1 
Window Glass 383.3 426.2 42.9 394.9 711 1 4 
Direct Sun 435 .2 513.9 78.7 482.6 662 0 0 
Tenth Week 
Cel-0-Glass 548.1 667.0 118.9 635.7 421 0 0 
Glass Cloth 416.2 474.6 58 .4 443 .3 451 0 12 
F lex-0-Glass 583.5 708.5 125.0 677.2 480 0 1 
Glass F a bric 562.5 680.6 118.1 649.4 493 0 1 
Window Glass 426.2 484 .0 57.8 452.7 509 1 4 
Direct Sun 513.9 628.4 114.5 597 .2 415 0 0 
TABLE IV. WEEKLY SUMMARY. 
Second Test. Started 2/19/27. Finished 5/14/27. 
Averagie weight per chick in I I I Chicks grams show-
Time Mor- ing evi-
Weig1,t Weight Weekly Total exposed tality dence 
at end of gain gain to sun of leg 
start week from weak-
start ness 
First Week 
Cel-0 -Glass 32.1 54.8 22.7 I 22.7 0 0 0 Glass Cloth 32.1 52 . 6 20 .5 
I 
20.5 0 0 0 
Flex-0-Glass 32.1 49 . 6 17.5 17.5 0 0 0 
Screen Glass 32.1 51.8 19 .7 19.6 0 0 0 
Window Glass 32.1 54.3 22.2 I 22.2 0 0 0 Direct Sun 32.1 54.8 22.7 22.7 0 0 0 
Second Week 
Cel-0-Glass 54.8 79.2 24.4 47.0 414 1 0 Glass Cloth 52.6 79.4 26.8 47.2 439 0 0 
Flex-0-Glass 49.6 72.9 23.3 40.8 434 0 0 Screen Glass 51.8 78.7 26.9 46.5 428 2 0 
Window Glass 54.3 77.2 22.9 45.1 415 0 0 Direct Sun 54.8 83.4 28.6 51.2 356 0 0 
Third Week 
Cel-0-Glass 79.2 109.8 30.6 I 77.6 566 1 0 Glass Cloth 79.4 101.4 22.0 69 .2 598 0 0 Flex-0-Glass 72.9 104.8 31.9 72.7 576 0 0 Screen Glass 78.7 112.8 34.1 
I 
80.6 620 1 0 Window Glass 77.2 110 .6 33.4 78.5 570 1 0 Direct Sun 83 .4 . 117.8 34.4 85.7 531 0 0 
Fourth Week 
Cel- 0-Glass 109.8 147.0 37.2 114.8 833 0 0 Glass Cloth 101.4 130.3 Z8.9 98.2 912 0 0 Flex-0-Glass 104.8 147.1 42.3 115.0 840 0 0 Screen Glass 112.8 162.1 49.3 129.9 857 0 0 Window Glass 110.6 150 .2 39.6 118.1 858 0 0 Direct Sun 117.8 169 .0 51.2 136.8 794 0 0 
Fifth Week 
Cel-0-Glass 147.0 213 .4 66.4 181.3 264 0 0 Glass Cloth 130.3 162 .7 32.4 130.5 275 0 12 Flex-0-Glass 147.1 201.9 54 .8 169.8 271 0 0 Sc1·een Glass 162.1 214.4 52.3 182.3 267 0 0 Window Glass 150.2 192.2 42.0 16G.O 267 0 0 Direct Sun 169.0 228 .7 59.7 196.6 273 0 0 
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Average weight per chick in I I I Chicks gra,ms show in g 
I Time Mor- evi-
Weight/ Weight Weekly Total exposed tality dence 
at end of gain gain to sun of leg 
start week from weak-
start ness 
Sixth Week. 
Cel-0-Glass 213.4 274.8 61.4 I 242.7 850 0 0 
Glass Cloth 162 .7 199.8 37.1 167.6 853 0 12 
Flex-0-Glass 201.9 270.9 69.0 238.8 847 0 0 
Screen Glass 214.4 285.9 71.5 253.8 831 0 0 
Window Glass 192.2 260.8 68.6 228.7 856 0 0 
Direct Sun 228. 7 296.7 68.0 264.6 810 0 0 
Seventh W eek 
Cel-0-Glass 274.8 349.8 75.0 317.7 817 0 0 
Glass Cloth 199.8 236 .0 36.2 203.8 744 0 16 
Flex-0-Glass 270.9 330 .5 59.6 298.3 759 0 0 
Screen Glass 285.9 355.9 70 .0 323.7 778 0 0 
Window Glass 260.8 331.4 70.6 299.3 745 0 0 
Direct Sun 296.7 369.6 72.9 337.5 836 0 0 
Eighth Week. 
Cel-0-Glass 349.8 426.3 76.5 I 394.2 244 0 0 Glass Cloth 236.0 274.4 38.4 242.2 218 0 16 
Flex-0-Glass · 330.5 405.1 74.6 373.0 227 0 0 
Screen Giass 355.9 433 .4 77.5 401.2 237 0 0 
Window Glass 331.4 400.1 68.7 368.0 251 0 0 
Direct Sun 369.6 453 .0 83.4 420 .9 260 0 0 
Ninth Weck. 
Cel-0-Glass 426.3 536 .6 110 .3 504.4 699 0 0 
Glass Cloth 274 .4 319.4 45 .0 287.2 768 1 16 
Flex-0-Glass 405 .1 500.4 95.3 468.3 737 0 0 
Screen Glass 433.4 536.0 102.6 503.9 750 0 0 
Window Glass 400.1 521.7 121.6 489.5 672 0 0 
Direct Sun 453.0 569.4 116 .4 537.3 724 0 0 
T enth Week. 
Cel-0-Glass 526.6 623.2 86.6 I 591.0 1058 0 0 Glass Cloth 319.4 355 .2 25.8 323.0 1040 0 16 
Flex-0-Gla'SS 500.4 580 .2 79.8 548 .1 1060 0 0 
Screen Glass 536.0 596.8 60.8 564.7 1007 1 0 
Window Glass 521.7 608.4 86 .8 576 .3 1037 0 0 
Direct Sun 569.4 666.8 97 .4 634.7 1062 0 0 
Eleventh Week. 
Cel-0-Glass 623.2 I 720.8 97 .6 688.6 692 0 0 Glass Cloth 355.2 427.2 72.0 395.0 670 0 0 
Flex-0-Glass 580.2 617.8 37.6 585.7 628 0 0 
Screen Gla ss 596 .8 705.1 108 .3 672.9 634 0 0 
Window Glass 608 .4 689.0 80 .6 656.9 759 0 0 
Direct Sun 666.8 746.5 79 .7 714 .4 794 0 0 
Twelfth W eelc 
Cel-0-Glass 720.8 747.4 26 .6 715.3 0 0 0 
Glass Cloth 427.2 511.4 84 .2 479.3 0 0 0 
Flex-0-Glass 617.8 705.4 87.6 673.2 51 0 0 
Screen Glass 705.l 733.3 28.2 701.2 21 0 0 
Window Glass 689.0 739.l 50.1 707.0 55 0 0 
Direct Sun I 746.5 813.6 67.1 781.5 20 0 0 
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TABLE V. SUMMARY OF TESTS. 
First Test (10 Weeks) . 
Average weight of chicks at start 31.2 grams. 
.... ..... i:: ..... 
.. 
"' '0"' 
.S:·- ti '.§ r:: 
"' "" 
bD 
"' ..... ~"' UJ r:: _., .om .0 ::s 0""' ., _ a;- E., 
.s. r:: ,s: r:: r:: "' ~ ::! E<i ~., 
·e"" .,.,.!s: .b ~ "'~ ::s .. "'~ ::s ..... "' . 
"" '" 
i:~ i:~ bll+.>• 
"' 
.,·;: ~ 3 "'""' I>! - - '3 ta,s:"' 
- "' 
-a "' 
UJ 
oJ 0 ~ -" aJ '3 E .. bD E oJ 0 .. ~ 1ii" "'0 ~ i: oJ .$ p. 
"'·- oJ ..... p. :2 ~~ 0 " ..... " >"' ... o~ :::;J :2 ~"O ti o ... ......... o ... < ~bll ..,., o. __ (.) E-<o < cbl E-<o 
Direct Sun 628 .4 3868 0 1 25 700.1 11 583.1 14 
Cel-0-Glass 667.0 · 3849 1• 0 26 733 . 9 14 616 . 1 12 
WJndow Glass 484.0 3843 4 2 24 526.2 13 448.9 11 
Glass Fabric 680.6 3858 1• 2 24 773.4 11 635.6 13 
Flex-0-Glass 708.5 3865 1• 1 25 788.2 13 664.4 12 
Glass Cloth 474.6 3q33 12 5 21 520.4 I 9 459.8 12 
*Bowlegged. 
Second Test (10 Weeks). 
Average weight of chicks at start 32.1 grams. 
Direct Sun 666.8 5646 0 0 20 696.1 9 641.0 11 
Cel-0-Glass 623.2 5745 0 2 18 682 .7 6 594.2 12 
Window Glass 608.4 5671 0 1 19 645.4 10 567.3 9 
Screen Glass 596.8 5775 0 4 17 652.9 8 547.1 9 
Flex-0-Glass 580 . 2 5751 0 0 21 663.0 11 489.3 10 
Glass Cloth 355.2 5847 20 1 20 400. 7. 9 317.9 11 
Second Test (10th to 12th Week). 
.5 .5 UJ ..... r:: :;:: 
"' 
Chicks .s:- .. bD ... 
..... ..... ..... showing .!!! ., "' -r:: "' ~.s ,s:..c:: ::s .,_ .0 ., "'·- .0 bll ..... i:: evidence ii:::! EQ} ii:., E., ·-o 
·-"" so0 ::s@ <I>.-< ., .... Of leg 
"'"' 
"' ..... 
::s ..... 
~., ~"' "' weakness bli~ ., l':,!s: bl)~ r::~ _., 
-" oi - "' -3 . E.!s: . E.!s: ~8. ~8E oj 0 '"'::s E ~p. ~!':$ ~~$ 10th 112th I ~ ... f! 
.µCJ 
"'p.Q o~ o._. > ....... o._. < bD ii: < bll~ ..,., week week < o bD E-<o < 0 bD E-<o 
Direct Sun 668 .8 813.6 814 I 0 0 1857 .7 9 I 777 .5 11 Cel-0-Glass 623.2 747.4 692 0 0 842.6 6 699.9 12 
Window Glass 608.4 739.1 814 0 0 792.8 10 679.5 9 Screen Glass 696.8 733 . 3 656 0 0 813.1 8 662.4 9 
Flex-0-Glass 680.2 105.4 679 0 0 I 790 . 7 11 611.6 10 
**Glass Cloth 355 .2 511.4 670 20 0 576.8 9 504.6 11 
••Two percent vitamin tested cocl liver oil added to the feed from 10th to 
12th week. 
•••453.6 grams equal 1 pound. 
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